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ABSTRACT 
Purpose: Older adults have increased visual impairment, including refractive blur from 
presbyopic multifocal spectacle corrections, and are less able to extract visual information 
from the environment to plan and execute appropriate stepping actions; these factors may 
collectively contribute to their higher risk of falls.  The aim of this study was to examine the 
effect of refractive blur and target visibility on the stepping accuracy and visuomotor 
stepping strategies of older adults during a precision stepping task.   
Methods: Ten healthy, visually normal older adults (mean age 69.4 ± 5.2 years) walked 
up and down a 20 m indoor corridor stepping onto selected high and low-contrast targets 
while viewing under three visual conditions: best-corrected vision, +2.00 DS and +3.00 DS 
blur; the order of blur conditions was randomised between participants.  Stepping accuracy 
and gaze behaviours were recorded using an eyetracker and a secondary hand-held camera.   
Results: Older adults made significantly more stepping errors with increasing levels of 
blur, particularly exhibiting under-stepping (stepping more posteriorly) onto the targets 
(p<0.05), while visuomotor stepping strategies did not significantly alter.  Stepping errors 
were also significantly greater for the low compared to the high contrast targets and 
differences in visuomotor stepping strategies were found, including increased duration of 
gaze and increased interval between gaze onset and initiation of the leg swing when stepping 
onto the low contrast targets.    
Conclusions: These findings highlight that stepping accuracy is reduced for low 
visibility targets, and for high levels of refractive blur at levels typically present in multifocal 
spectacle corrections, despite significant changes in some of the visuomotor stepping 
strategies.  These findings highlight the importance of maximising the contrast of objects in 
the environment, and may help explain why older adults wearing multifocal spectacle 
corrections exhibit an increased risk of falling.
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INTRODUCTION 
Falls are a significant cause of injury, healthcare utilisation, morbidity and mortality 
among older adults.1  Visual impairment from a range of ocular diseases has been identified 
as a significant risk factor for falls and fractures among older adults.2-5 In addition, there is 
increasing evidence that visual impairment resulting from refractive blur, induced by 
presbyopic multifocal spectacle corrections, such as bifocals and progressive lenses, may 
contribute to an increased risk of falls among older adults,6 due to its blurring effect in the 
lower portion of the visual field area.  Lord et al6 found that multifocal wearers were more 
than twice as likely to fall compared to non-multifocal wearers, particularly when precision 
stepping tasks were involved, such as stair negotiation.  Indeed, a randomised control trial 
found that the provision of single-vision distance spectacles for multifocal wearers 
significantly reduced the rate of falls among older adults who took part in regular outdoor 
activities.7   
Walking safely through the environment and minimising the risk of falling requires co-
ordinated visuomotor stepping control, whereby the visual identification of obstacles and 
hazards guides appropriate planning and execution of the lower limb trajectory and foot 
placement.8  There is evidence that inaccurate visual information due to near blur from 
multifocal spectacles lenses negatively impacts on the ability to safely negotiate through the 
environment.  Multifocal use among older adults has been shown to increase the risk of 
tripping when stepping on to raised surfaces,9 with stepping accuracy being improved when 
using single-vision distance spectacles.10, 11  Multifocal use has been shown to increase the 
number of obstacle contacts when negotiating and stepping over ground level obstacles 
compared to when wearing single-vision lenses.12  Greater levels of refractive blur have also 
been shown to increase postural instability among older adults,13 which may also contribute 
to the increased the risk of falls reported in multifocal wearers. 
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Vision is generally used in a feed-forward manner when walking, i.e. during the 
approach phase, as gaze is directed around two walking steps ahead.14  For precision stepping 
tasks, saccadic eye movements towards a stepping target occurs prior to initiation of the foot 
swing to step into a target.15  Previous research has highlighted significant differences 
between older and younger adults in their visuomotor control of stepping.  Older adults tend 
to look sooner at future stepping locations and fixate longer on these locations than their 
younger counterparts,15 most likely in an attempt to compensate for age-related declines in 
visual processing and motor control.16, 17  Furthermore, older adults who have a high falls risk 
transfer their gaze away from stepping targets significantly sooner prior to foot placement 
than those with a low falls risk, although to the detriment of stepping accuracy.15  This 
premature gaze transfer may be a strategy adopted to prioritise the planning of future stepping 
actions in complex visual environments,18 yet may be potentially hazardous in challenging 
environments.  Furthermore, older adults demonstrate slowed visuomotor processing, which 
is reflected in delays in saccadic latencies towards stepping targets compared to younger 
adults, which may impair their ability to generate stepping adjustments in response to sudden 
changes in the environment when walking.19  
While research has shown that older adults have diminished capacity to use vision in a 
feed-forward manner, as reflected by their need to increase visual sampling prior to 
stepping,20 there is limited research regarding whether alterations in the visual characteristics 
of stepping targets or the degree to which blurred vision alters the accuracy of stepping and 
associated visuomotor control strategies.  The natural visual environment contains a wide 
range of obstacles and hazards of varying size and contrast levels, particularly commonly 
encountered trip hazards such as stair/step edges, uneven pavements and rugs.  Therefore, the 
aim of the present study was to investigate the effect of the contrast of stepping targets and 
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refractive blur, similar to that used in presbyopic multifocal corrections, on the stepping 
accuracy and visuomotor strategies of older adults during a precision stepping task.   
 
METHODS 
Participants 
Ten community-dwelling older adults (3 males and 7 females, mean age 69.4 ± 5.2 
years, range 61-76 years) were recruited from the QUT Optometry Clinic.  Participants were 
all independently mobile, and were excluded if they had any significant ocular disease, or any 
neurological or musculoskeletal disorders which could affect their balance or gait.  
Participants were also excluded if best corrected visual acuity was worse than 0.1 log MAR 
(6/7.5 Snellen equivalent) or had any form of cataracts graded 3.0 or worse, defined by the 
Lens Opacities Classification System.21  The research followed the tenets of the Declaration 
of Helsinki, and informed consent was obtained before participant assessment. The study was 
approved by the Queensland University of Technology Human Research Ethics Committee. 
Visual Assessment 
Binocular visual acuity and contrast sensitivity were measured with the best-corrected 
refractive correction, which was determined subjectively at the time of the study, and with the 
addition of binocular blur trial lenses of +2.00 DS and +3.00 DS.  Visual acuity was 
measured with the Early Treatment Diabetic Retinopathy Study (ETDRS) logMAR chart 
using a by-letter scoring system at 5m with a chart luminance of 125 cd/m2.  Contrast 
sensitivity was measured using the Pelli-Robson chart at 1 m using a by-letter scoring system 
and an additional working distance lenses of +0.75DS with a chart luminance of 122 cd/m2.  
Visual fields were assessed monocularly using a 76-point screening test (Humphrey 
Instruments; Carl Zeiss Meditec, Dublin, CA) to ensure participants had no significant visual 
fields defects. 
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Stepping task and apparatus 
The precision stepping task was located along a 20 m indoor, level corridor under 
normal overhead lighting (mean 440 lux; range 330 to 570 lux).  The corridor contained a 
series of 19 carpet rectangles (24 x 36 cm), 6 of which were the stepping targets (three with 
high contrast felt inserts and three with low contrast felt inserts, 16 x 29 cm, Weber fractions 
370% and -27% respectively), as seen in Figure 1.   
Eye movements were measured using a head-mounted eyetracker (ASL MobileEye, 
Applied Science Laboratories; Bedford, MA, USA).  This eyetracker uses a pair of 
lightweight goggles, featuring two cameras each sampling at 30Hz: a forward facing scene 
camera and an eye camera, capturing the infrared corneal reflection and pupil position in the 
right eye.  A second hand-held digital camera (IXUS100IS, Canon) sampling at 30 Hz, was 
used to record the stepping characteristics of participants' feet by an experimenter who 
walked closely behind the participants.  Prior to each trial, a clapper board was presented and 
recorded by both the eyetracker and the hand-held cameras to allow precise synchronisation 
of the two video sources.   
Experimental protocol  
Participants were instructed to walk up and down the corridor, stepping as closely as 
possible onto the middle of each stepping target and to walk around or over the other non-
stepping carpet rectangles, all at a self-selected pace while walking barefoot.  Participants 
completed the task under the three vision conditions using their best-corrected subjective 
refraction: no blur, +2.00 DS blur and +3.00 DS blur.   These powers were selected to reflect 
commonly prescribed bifocal and progressive lens additions.  For each vision condition, 
standard trial lenses (38 mm diameter) were mounted into Halberg trial lens clips fitted into 
the eyetracker googles and a 9-point eye tracking calibration was performed prior to each 
trial.  The testing order of the vision conditions was randomised between participants.  Prior 
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to testing, participants were shown examples of the stepping targets and allowed to practice 
stepping onto these targets.  Participants were seated for a minimum of 10 minutes between 
trials for rest, which also included 5 minutes to adapt to the vision conditions.   
Data Analysis 
Stepping accuracy was given as a function of the number of accurate steps onto the 
stepping targets. An accurate step was defined as a step during which the foot was contained 
completely within the boundaries of the stepping target, based on frame-by-frame analysis of 
the foot stepping video.  The number of accurate steps was represented as a proportion of the 
total number of steps in each condition.  The direction and proportion of stepping errors was 
also coded according to displacement in the anterior-posterior plane (A-P; 0 no overstep, +1 
overstep anteriorly or -1 understep posteriorly) and the medio-lateral plane (M-L; 0 no 
overstep, +1 overstep medially or -1 overstep laterally), as shown in Figure 2. From the foot 
stepping video, the lead foot toe-off and heel contact events were also identified.  Walking 
speed (in m/s) was calculated by dividing the distance between first and last stepping targets 
over the time taken to step between each, and averaged for both walking directions. 
Frame-by-frame analyses of the gaze recordings identified the gaze locations on the 
stepping targets for each trial.  Gaze fixations were defined as stabilization of gaze at one 
position for at least 67 ms (at least 2 video frames) 22.  The total target gaze duration was 
calculated as the time period between the start of a fixation onto a target (gaze onset) and the 
start of the next saccade away from the target (gaze transfer).   
Data were obtained from an independent observer masked to the vision conditions.  For 
those instances when the gaze behaviour or stepping measure in the video frames was 
unclear, consensus was reached between two independent assessors.  The following 
visuomotor stepping measures were calculated following synchronization of the eyetracker 
and stepping videos: (1) the interval between gaze onset at a target and initiation of the 
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stepping action (toe-off) to step onto that target, and (2) the interval between the gaze transfer 
away from target and heel contact on the target (heel-on).   
Statistical Analysis 
Data were analysed using generalized estimating equations (GEE) with an 
exchangeable correlation matrix, to allow for the correlation of the repeated measures within 
participants (SPSS, version 19.0, Chicago, IL, USA).  Separate models were run for each of 
the stepping (logistic) and visuomotor outcome (linear) measures, using the following within-
subject factors: blur condition (3 levels: no blur, +2.00 DS and +3.00 DS blur) and target 
contrast (2 levels: high and low contrast) and an interaction term.  Walking speed was 
included in all of these models as a covariate.  Any significant main effects or interactions 
were further examined using Bonferroni-adjusted post hoc comparisons.   
To examine the effect of existing adaptation to blur on the stepping and visuomotor 
outcome measures, a term was also included in the models to specify regular multifocal 
wearers (bifocals or progressive lenses) compared to non-multifocal wearers.   
To explore the relationship between visuomotor stepping behaviours and stepping 
accuracy, the visuomotor stepping measures were also included as predictor variables in the 
overall stepping accuracy logistic GEE models.  
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Figure 1: [a] Schematic diagram of the stepping task (not to scale), [b] Examples of the high and low contrast stepping targets, as seen 
on the eyetracker and stepping videos.   
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Figure 2: Schematic diagram of coding for the anterior-posterior (A-P) and medial-
lateral (M-L) foot placement for the right foot.  Coding for the M-L plane is reversed 
for the left foot. 
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RESULTS 
For the best-corrected visual condition, mean binocular visual acuity was -0.10 ± 0.05 
logMAR and contrast sensitivity was 1.96 ± 0.03 logCS, as shown in Table 1.  The +2.00 DS 
and +3.00 DS blurring lenses reduced binocular visual acuity to 0.48 ±0.14 logMAR and 0.70 
± 0.09 logMAR, respectively.  Binocular contrast sensitivity was only minimally affected by 
blur (1.93 ± 0.03 logCS and 1.92 ± 0.04 logCS, respectively).  Participants regularly wore a 
range of spectacle corrections when walking: 5 wore no correction, 1 wore single vision 
distance, 1 wore bifocals and 3 wore progressive lenses.   
While participants tended to walk more slowly under the higher levels of blur, there 
were no significant differences in walking speed across the visual conditions (χ22=2.3, 
p=0.31). 
There was a significant main effect of blur condition on overall stepping accuracy, as 
measured by the proportion of accurate steps (χ22=7.78, p=0.02; Figure 3).  Post-hoc analysis 
revealed a significant difference between the +3.00 DS and the no blur condition, where the 
odds of an inaccurate step were 2.5 times higher (OR = 2.52, 95% CI = 1.38–4.58), but there 
was no significant difference between the +2.00 DS and no blur conditions (p=0.30).  There 
was also a significant main effect of target contrast (χ21=5.89, p=0.015), where the odds of an 
inaccurate step increased by 41% when stepping onto the low-contrast compared to the high-
contrast stepping targets (OR = 1.41, 95% CI = 1.05-1.87).  No significant interaction effect 
between blur condition and target contrast was found (χ22=0.53, p=0.77).  In the model, faster 
walking speed was not significantly associated with reduced stepping accuracy (χ21=2.79, 
p=0.095). 
When stepping errors in the A-P plane were examined separately, significant main 
effects of blur condition (χ22=24.2, p<0.001) and target contrast (χ21=9.7, p=<0.01) were 
found (Figure 4), but there were no significant interaction effects (χ22=0.13, p=0.94).  
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Participants under-stepped onto the targets (stepped more posteriorly) with greater levels of 
blur.  Post-hoc analysis revealed a significant difference only between the +3.00 DS and the 
no blur condition, where the odds of an under-step were 8 times higher (OR = 8.13, 95% CI = 
3.50-18.9).  Participants also under-stepped onto the low-contrast targets compared to the 
high-contrast targets, where the odds of an under-step increased by 59% (OR = 1.59, 95% CI 
= 1.23-2.05).  For the stepping errors in the M-L plane, there were no significant main of 
effects for target contrast or blur condition, or any interaction effect (all p>0.05; Figure 4b).   
When considering the eye movement characteristics of participants, a significant main 
effect of target contrast (χ21=5.84, p=0.016) was evident for total target gaze duration (Figure 
5).  On average, participants spent significantly more time fixating the low-contrast targets 
than the high-contrast targets (1.88 s vs. 1.72 s; p=0.016).  While there was a trend towards 
increasing gaze duration with increasing blur, this was not significant (χ22=1.02, p=0.60), and 
no significant interaction effect was found (χ22=2.66, p=0.26).   
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Table 1: Mean values and S.D for visual function, stepping and visuomotor parameters 
  No blur     +2.00 DS blur     +3.00 DS blur   
  
High contrast 
target  
 
Low contrast 
target 
   
High contrast 
target  
 
Low contrast 
target 
   
High contrast 
target  
 
Low contrast 
target 
 
Visual acuity (logMAR) -0.10 ± 0.05  0.48 ± 0.14  0.70 ± 0.09 
Contrast sensitivity (logCS) 1.96 ± 0.03  1.93 ± 0.03  1.92 ± 0.04 
Walking velocity (m/s) 0.85 ± 0.13  0.84 ± 0.17  0.82 ± 0.20 
Proportion of accurate steps 
(%)  
 
66.0 ± 47.9 
 
59.2 ± 49.7  
 
58.0 ± 49.9 
 
54.0 ± 50.4  
 
48.0 ± 50.5 
 
36.0 ± 48.5 
Proportion of anterior-
posterior foot placement 
errors (%) 
   Under-step  
   Over-step  
12.0 ± 14.0 
12.0 ± 21.5 
18.0 ± 14.8 
11.0  ± 19.1  
34.0 ± 42.2 
4.0 ±  8.4 
42.0 ± 43.7 
0.0 ± 0.0  
48.0 ± 27.0 
0.0 ± 0.0 
 
60.0 ± 37.7 
2.0 ± 6.3 
Proportion of medio-lateral 
foot placement errors (%) 
   Medial step  
   Lateral step  
 
14.0 ± 16.5 
2.0 ± 6.3 
 
24.0 ± 33.7 
2.0 ± 6.3  
 
12.0 ± 21.5 
6.0 ±  9.7 
 
12.0 ± 25.3 
8.0 ± 10.3  
 
6.0 ± 13.5 
2.0 ± 6.3 
 
12.0 ± 16.9 
4.0 ± 8.4 
Total target gaze duration (s) 1.67 ± 0.60 1.76 ± 0.60  1.70 ± 0.51 1.90 ± 0.63  1.80 ± 0.80 1.97 ± 0.75 
Interval between gaze onset 
and toe-off (s) -1.69 ± 0.51 -1.73 ± 0.57  -1.73 ± 0.54 -1.86 ± 0.60  -1.83 ± 0.67 -1.91 ± 0.69 
Interval between gaze 
transfer and heel contact (s) -0.44 ± 0.50 -0.39 ± 0.46   -0.42 ± 0.40 -0.38 ± 0.40   -0.41 ± 0.46 -0.35 ± 0.35 
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There was also a significant main effect of target contrast (χ21=4.21, p=0.04) on the 
interval between saccadic onset to a target and initiation of the leg swing (toe-off) to that 
target, where participants looked significantly longer at the low-contrast targets prior to toe-
off compared to the high contrast targets (1.84 s vs. 1.75 s; Figure 6).  There was a trend 
towards increasing duration between gaze onset and toe off with greater levels of blur, but 
this was not significant (χ22=1.78, p=0.41), and no significant interaction effect was found 
(χ22=1.63, p=0.44). 
On average across all vision and target contrast conditions, participants transferred their 
gaze away from the target around 400 ms prior to heel contact, as seen in Figure 7.  However, 
there were no significant main effects for blur condition or target contrast, and no interaction 
effect was found (all p>0.05).  
In analyses incorporating a term for multifocal users, a significant main effect of 
multifocal use was found for the gaze onset to a target and initiation of the leg swing (toe-
off).  Non-multifocal wearers fixated the target significantly longer at the targets prior to toe-
off compared to multifocal wearers (1.93 s vs. 1.58 s; χ21=4.43, p=0.035).  No other 
significant effects were found for multifocal use and proportion of accurate steps, target gaze 
duration, or interval between gaze transfer and heel contact. 
Relationship between gaze behaviours and stepping accuracy 
When the visuomotor stepping measures were included as predictor variables in the 
overall stepping accuracy logistic GEE models, the interval between saccadic onset to a target 
and toe-off to step onto the target was significantly associated with stepping accuracy 
(χ21=7.80, p=0.005).  A shorter interval between saccadic onset to a target and initiation of 
the leg swing was associated with 33% lower likelihood of a stepping error (OR = 0.67, 95% 
CI = 0.51-0.89).  No significant associations between total gaze duration and interval 
between gaze transfer and heel contact with overall stepping accuracy were found (p>0.05).   
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DISCUSSION 
The results of this study demonstrate that the accuracy of foot placement of healthy, 
normally-sighted older adults when undertaking a precision stepping task is reduced when 
they are required to step onto low-contrast targets, and also when viewing through increased 
levels of refractive blur.  Stepping onto the low-contrast targets was also associated with 
significant changes in various visuomotor stepping behaviours, particularly those relating to 
the planning phases of the step cycle.  This is the first study to examine the effect of the 
visual characteristics of obstacles in the travel path on visuomotor characteristics during 
locomotion, in particular the effects of target contrast and refractive blur.  These findings are 
important, as many older adults use presbyopic multifocal spectacle corrections or may wear 
their reading spectacles when walking and the contrast of objects within the natural 
environment is varied.   
Stepping accuracy was significantly reduced when participants stepped onto the low-
contrast targets, which is not unexpected given that their visibility was lower compared to the 
high-contrast targets.  This highlights the importance of optimising the contrast of objects 
when a precision stepping task needs to be performed.  This is particularly important where 
foot placement position is crucial for safety, such as when negotiating stairs.23   
Similarly, blur significantly reduced overall stepping accuracy, particularly in the A-P 
direction, under the highest level of refractive blur (+3.00 DS).  This indicates that the 
reduced visual information encountered when viewing through high levels of refractive blur 
impairs the precision of judgments made of stepping target location and dimensions 
compared to no-blur conditions.  Moreover, positive powered lenses, such as those used in 
the present study, will induce a small magnification effect, whereby targets appear larger and 
closer.24, 25  This may be another contributing factor to the reported decrease in stepping 
accuracy, particularly the tendency to under-step onto targets.  While no studies have 
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examined the effect of blur on a precision stepping task, various studies have demonstrated 
adaptive gait changes which occur during step ascent and descent among older adults wearing 
multifocal corrections9, 10 and changes due to magnification effects.24, 25  In the present study, 
participants tended to walk more slowly with increasing levels of blur, although not 
significantly so, as might be expected as a compensatory measure to increase visual sampling 
of future foot placement.  As a consequence, participants’ made more stepping errors, 
highlighting the speed–accuracy trade-off for locomotion.26  
Interestingly, non-multifocal wearers spent significantly more time viewing the 
stepping targets prior to toe-off compared to regular multifocal wearers.  Non-multifocal 
wearers are less likely to have encountered blur when walking, which may explain why they 
adopted a more cautious visuomotor strategy to maximise stepping accuracy during the 
planning phase of the stepping cycle.  This effect may also be due to the greater levels of 
"swimming" experienced with acute blur among non-multifocal wearers, as their vestibulo-
ocular reflex (VOR) gain attempts to re-adjust to the magnification changes.24  These findings 
also suggest some potential visuomotor adaptations following regular use of multifocal 
lenses, which may contribute to the reported changes in gait kinematics with these lenses.  
When performing a stepping task, novice multifocal wearers place their feet more 
posteriorly,27 while long-term adapted multifocal users exhibit greater variability in vertical 
toe clearance on step ascent than single vision wearers.9  However, the exact mechanisms that 
underlie these changes are not yet clear. 
Significant changes were found in the visuomotor stepping behaviours as a function of 
contrast of the target.  Compared to the high-contrast targets, participants spent more time 
fixating on the low-contrast targets and looked significantly longer prior to initiation of the 
leg swing to step onto the low-contrast targets.  Given the poor visibility of the low-contrast 
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targets, it is not surprising that participants spent more looking at the target to increase visual 
sampling to guide appropriate planning and execution of their steps.   
There were no significant effects of blur on any of the visuomotor stepping parameters 
in the current study, although there were trends towards longer gaze duration and increasing 
interval between gaze onset and toe off with greater levels of blur.  Improved stepping 
accuracy may have been achieved if participants adopted these strategies to enhance the 
visual sampling for the planning and execution of their stepping actions.  As stated 
previously, it is possible that some participants may have been already been accustomed to 
blur at a ground level from their regular multifocal corrections, which may have resulted in 
minimal changes in their visuomotor stepping characteristics.   
 Interestingly, neither contrast nor blur had a significant effect on the interval between 
gaze transfer away from the target and heel contact.  Previous research has shown that the 
extent of premature gaze transfer away from stepping targets is related to the complexity of 
stepping tasks.18  Studies using a course consisting of two stepping targets have shown that 
older adults transferred their gaze around 100 ms prior to heel contact.15, 18   Participants in 
the present study transferred their gaze from the target around 400 ms prior to heel contact in 
order to fixate future stepping targets, which is not surprising given the complex multi-target 
stepping paradigm used in this study. 
It has been suggested that visual information is used predominately in the planning 
phases of the step cycle to ensure accurate foot placement, particularly among older adults.20  
Our findings support this, as the interval between gaze onset and toe-off was found to be 
significantly associated with stepping accuracy.  Furthermore, shorter intervals between gaze-
onset and toe-off was associated with improved stepping accuracy, which highlights the 
importance of visual feedback during the early swing phase to guide the foot towards its 
target and improve its accuracy.20, 26   
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It is important to consider the findings of this study in terms of both its strengths and 
limitations. This was the first study to examine the effect of the visual characteristics of 
obstacles in the travel path during locomotion, particularly the effects of target contrast and 
refractive blur, typical of that used in the reading portion of presbyopic multifocal 
corrections.  A limitation was the constrained information relating to the gait characteristics 
that could be obtained, compared to motion analysis systems; however, the data does 
represent of the stepping cycle within a more naturalistic environment than is possible in 
standard gait laboratories.  Furthermore, the relatively small sample size limited the extent to 
which any subgroup analyses could be performed, such as differences between previous 
fallers and non-fallers.  However, given that the participants were representative of healthy, 
independently mobile older people who are free of common age-related eye conditions; the 
stepping characteristics reported here may not represent those adopted by visually or mobility 
impaired older adults. 
In addition, single vision lenses were chosen to control the amount of blur that 
participants experienced when walking, which would have been difficult if progressive lenses 
had been used, given the freedom that participants would have had to move their head to 
view through different powered portions of the lens.  Thus the effect of the visual distortions 
created by progressive designs was not tested in the current study, and further research in this 
area is clearly warranted.   
While our findings suggest that reducing the amount of blur for older adults when 
walking should improve stepping accuracy, it is also important to consider that changes in 
magnification and VOR gain following large changes in spectacle prescription, although 
while improving vision, may also alter visuomotor control and stepping accuracy.  A 
randomised control trial failed to show a reduction in the rate of falls following a 
comprehensive eye examinations and subsequent treatment, predominantly comprising new 
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spectacle corrections.28  The authors of that study suggested that major changes in 
prescription may have contributed to the increased number of falls in those receiving the new 
corrections, potentially due to adaptation effects.  As such, it has been proposed that older 
adults at high risk of falling receive partial changes in correction if a large change is 
required,24 although the recommended maximum amount of change remains unknown.    
In summary, our results demonstrate that relatively high levels of refractive blur, 
typical of that used in the near portion of multifocal corrections, significantly affect accuracy 
of foot placement during a precision stepping task.  This implies that these corrections have 
the potential to increase the risk of trips and falls among older populations. In addition, the 
visual characteristics of the stepping environment also affect stepping accuracy, highlighting 
the need to maximise the contrast of objects in the environment, such as stairs and kerbs, 
which require accurate foot placement.  The findings highlight the importance of 
investigating links between vision changes, the visual environment and visuomotor stepping 
behaviours when walking in complex environments which are needed to inform the design of 
intervention strategies aimed at reducing falls among older populations.   
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Figure 3: Proportion of accurate steps as a function of target contrast and vision 
condition.  Error bars represent standard errors of the mean. 
 
 
Figure 4:  Proportion of accurate, over and under steps in the anterior-posterior plane 
as a function of target contrast and vision condition. 
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Figure 5: Total target gaze duration under various vision and target contrast 
conditions.  Error bars represent standard errors of the mean. 
 
 
Figure 6: Interval between gaze onset and toe off to step onto the targets under various 
vision and target contrast conditions.  Positive values indicate gaze onset prior to toe off.  
Error bars represent standard errors of the mean. 
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Figure 7: Mean interval between gaze transfer and heel contact on stepping target 
under various vision and target contrast conditions.  Positive values indicate gaze 
transfer away from the target prior to heel contact.  Error bars represent standard 
errors of the mean. 
 
 
 
 
 
 
 
 
